Since the classical experiments of Granick (6) it has been possible to isolate and purify chloroplasts by differential centrifugation. Recently, it became evident (7) that differential centrifugation is inadequate to separate young small chloroplasts from the small non-plastid particles inferred to be present in leaf homogenates (10) . It therefore appeared desirable to develop alternate methods of purifying chloroplasts.
Since the classical experiments of Granick (6) it has been possible to isolate and purify chloroplasts by differential centrifugation. Recently, it became evident (7) that differential centrifugation is inadequate to separate young small chloroplasts from the small non-plastid particles inferred to be present in leaf homogenates (10) . It therefore appeared desirable to develop alternate methods of purifying chloroplasts.
Differential centrifugation separates particles according to size, shape and density, but primarily according to size. Young chloroplasts are closer in size to mitochondria than are mature chloroplasts, and this is the main obstacle to their separation. Another possibility appeared to be the use of the particle densities alone to effect separation. Accordingly, preparations of mixed mature chloroplasts and mitochondria Nere suspended in 80 to 100 % glycerol solutions in water, and then centrifuged vigorously in the Spinco ultracentrifuge. In this procedure most of the green material, and therefore most of the chloroplasts, were fouind to float to the top of the tube. Further experiments showeed that the viscosity of these solutions couldl be reduced by using 50 % glycerol by volume and adding sufficient sucrose to make the final Iprepatration 0.4 M1 in sucrose.
The experiments reported here will deal with the question of the degree of purification achieved with this flotation technique, and its applicability to young chloroplasts.
MIATERIALS AND METHODS The sources of leaf tissues were spinach purchased at a local grocery, tobacco leaves from Turkish tobacco (variety Samsun) grown in six-inch pots in the greenhouse, and primary leaves of red kidney bean plants grown in soil in flats in the greenhouse.
In making preparations of particles, leaves were ground in an Omnimixer at 50 to 60 % of line voltage, in four times their weight A/I/15 pH 7.0 phosphate buffer made to 0.4 MI sucrose. The resulting homogenate was strained through a pad of cheesecloth and glass wool. Centrifugation of this homogenate at 1,-000 x g for 12 minutes yielded a pellet containing chloroplasts, some mitochondria, and remains of nuclei. This pellet was resuspended in phosphatesucrose buffer, and constituted the "crude particle" preparation, in most cases.
For centrifugation in a dense medium, a 2-ml aliquot of the original particle preparation was placed in a 13-ml Spinco centrifuge tube, together with 5.0 ml glycerol and 3.0 ml of a concentrated sucrose solution containing 1.30 gm of sucrose, and the contents of the tube were mixed thoroughly. The fluid in the tube then had a density of 1.17 gm/ml. density was to be varied, the amount of glycerol was changed, and the volume of the original particle preparation was adjusted to keep the total volume equal to 10.0 ml in all cases.
After centrifugation at 40,000 rpm in the Spinco No. 40 rotor, a very distinct, compacted pellet of floating material was observed at the top of the tube. In the middle, the glycerol-sucrose solution was a pale green color; and a mixed green and white pellet was observed at the bottom of the tube (see fig 1) . The top pellet, middle fluid and bottom pellets were separated in most cases. Top and bottom pellets were resuspended in sucrose-buffer or plain phosphate buffer, depending on the tests to be performed. The fluid was diluted with glycerol-free buffer and centrifuged at 10,000 x g for 20 minutes. The particles thus collected from the fluid were resuspended in the same medium as the top and bottom pellets.
The time for flotation and sedimentation to achieve completion was determined by measuring the total amount of chlorophyll remaining in the fluid after various periods of centrifugation (fig 2) . It can be seen that sedimentation and/or flotation of chloroplast material is almost complete in 15 minutes, and has gone to completion in 30 minutes. The fluid always contained some chlorophyll, but this was most probably in chloroplastic particles having the same density as the suspending medium. Some chloroplasts were always sedimented, and some always floated, at almost any density over 1.13 gm/ml. This would indicate a range of chloroplast densities in all preparations. Some would, therefore, be expected to have exactly the same density as the medium, and these would neither float to the top nor be sedimented to the bottom.
Protein N content of the preparations was determined by the Nessler procedure after digestion of washed trichloroacetic acid precipitates. Chlorophyll was determined by the modification of Arnon (1) . Catalase tests were made according to the procedure developed by Feinstein (5) .
N'ucleic acid in the preparation was determined, following precipitation of the nucleoproteins with 95 % alcohol, according to the method of Ogur and Rosen (9) . The final acid extracts, containing hydro- It is obvious from this that the suspension of crude par-RESULTS ticles has been separated into two distinct fractions, ANALYSIS OF FLOATING VS SINKING PARTICLES: It the bottom pellet containing most or all of the nonhas been shown previously (7) that chloroplasts puri-chloroplastic material as well as a few chloroplasts, fied by washing are relatively free of catalase activity, and the top pellet containing chloroplasts much puriand are enriched in chlorophyll per mg N. These fied compared to the original suspension. criteria were accordingly applied to floating and sediAn identical experiment with tobacco particles is menting material.
shown in table II. Here the top pellet has two times A crude particle preparation from spinach was as much chlorophyll per mg N as the bottom pellet; separated into bottom pellet, middle fluid, and top and the bottom pellet has 25 times the concentration pellet as described. The outstanding observation, though, is that, in spite of the variability found in the crude particles and in the bottom pellet, the top pellets all contain material that is uniformly very low in nucleic acid.
In addition, the ultraviolet spectra of extracts from these top pellets always showed a large amount of absorption in the 230 to 255 m,u region, so that a distinct peak at 260 m,u was never seen. Chloroplasts purified by repeated centrifugal washings gave nucleic acid extracts with the identical absorption spectrum, i.e., only a shoulder at 260 mu, not a distinct peak. By contrast, nucleic acid extracts of the crude particle suspension and especially of the bottom pellet, showed relatively clean nucleic acid absorption spectra.
A final criterion applied to the top pellet preparations was that of their ability to SMALLER PARTICLES: In all the experiments so far described, the crude particles had been centrifuged out of the original homogenate at about 1,000 x g, and contained whole chloroplasts and mitochondria as well as a few fragments. To find out if the method could be used to prepare purified chloroplast fragments as well as whole ones, crude particles were taken from successive centrifugal fractions. The corresponding bottom and top pellets and middle fluid from spinach crude particles brought down at 500 x g, from 500 to 1,000 x g, and from 1,000 to 10,000 x g are shown in table V. The behavior of particles initially sedimenting at 500 x g and from 500 to 1,000 x g is the same as previously noted; top pellets are rich in chlorophyll and low in catalase activity, and the reverse is true for bottom pellets. The fractionation by density appears to fail for the smallest particles, Young leaves were picked when less than A mature size. The crude particles for this experiment were sedimented out of their respective homogenates at 1,000 x g for 12 min.
which originally sedimented between 1,000 and 10,-000 x . The catalase activity is only twice as high in the bottom pellet as in the top, as opposed to the twenty-fold or more difference for the particles sedimenting at 500 or 1,000 x g. Further, the chlorophyll/N ratio of the top pellet in the case of the smallest particles is only 0.56, indicating much more impure chloroplast material than in the top pellets from the first two fractions where the ratios are 1.08 and 1.14. Analysis of a similar small particle top pellet for nucleic acid showed 25 ugm P/mg N, compared with 30 ,ugm P/mg N in the bottom pellet (table III,  experiment 9 ). This again shows that this top pellet does not consist of pure chloroplast material. It therefore seems that the smaller particles include nonchloroplast material which also floats under these conditions. YOUNG CHLOROPLASTS: Tobacco leaves one third grown or less were used as a source of young chloroplasts (12) . Some plants were kept in the dark and the partially etiolated young leaves were homogenized for a source of young chloroplasts. In all cases, it was found that the chloroplasts from young leaves did not float as readily as did plastids from mature leaves. In table VI, the results of one experiment show that it takes a density of 1.2 or more to cause 50 % of the young plastids to float; whereas 80 % of the mature plastids float at density 1.17 . DISCUSSION The separation according to particle density achieved by this method is seen to yield at least one reproducible and uniform fraction-that of the top pellet. This fraction always has a high chlorophyll/N ratio, a vanishingly low catalase content, and a uniformly low and equivocal nucleic acid content. These criteria, plus the small N15 incorporation into this fraction (Jagendorf, Erickson, and Wildman, unpublished) all characterize it quite firmly as consisting of chloroplasts in a very pure state.
A more elegant and all-inclusive fractionation of particles according to density could undoubtedly be achieved by using a density-gradient column, and separating particles from several regions of differing density (3, 4, 8) . A tube with density gradient was used in preliminary experiments of this study, but found to be inadequate after centrifuging in the Spinco angle-head rotor. The proper application of the density-gradient method seems to require a horizontal high speed centrifugation.
The separation of pure chloroplasts by this method is possible only after a preliminary sedimentation at low speed. If all the particles in a homogenate were put into the dense medium, the chloroplasts would be contaminated with verv small, catalase and nucleic acid containing, non-plastid particles. These are discarded with the supernatant, however, after a centrifugation at 1,000 x g. The density method does serve to remove presumably larger, denser mitochondria from chloroplasts. That there may exist numerous types of mitochondria, with differing densities, is seen from the work of Kuff and Schneider (8) .
The procedure described here may prove useful in isolating large quantities of very pure chloroplast material. The separation is complete in one operation and involves fewer losses than does fractional centrifugation. The density technique also readily removes the unknown, white crystalline material found in preparations of tobacco chloroplasts, which could never be entirely eliminated by low speed fractional centrifugations (7) . Finally, the combination of repeated centrifugal washing followed by density separation can be used to insure the highest possible degree of chloroplast purity, since the two methods separate chloroplasts by using different properties of the plastids.
Using this method, previous conclusions as to the composition of isolated chloroplasts have been fully confirmed. With either method of purification, when an impure but green preparation is separated to yield a fraction with the highest possible chlorophyll/N ratio, (i.e., pure chloroplasts), this fraction has almost no catalase activity and very little or possibly no nucleic acid. The complementary fraction (bottom pellet), with a much lower chlorophyll/N ratio is seen to be much richer in catalase and nucleic acid. The cause of very low density of the chloroplasts is probably their high lipid content (11) . Unfortunately, the proportion of lipid seems to be variable, depending on the plant material used. In spinach preparations, 90 % or more of the chloroplasts floated every time in a medium of density 1.17. With tobacco leaf preparations, from 60 to 90 % of the chloroplasts usually floated. Using red kidney bean leaves, a much greater degree of variability has been found, with from 5 % to 90 % of the chloroplasts floating on different occasions. We have observed that the chloroplasts of bean tend to float if the plants have been grown at high temperatures, and to sink if the plants were grown under cooler conditions. Facilities are not available to test this phenomenon more critically at the present time.
The failure of young chloroplasts to float until higher densities are used means that this method is not adequate to prepare pure, growing chloroplasts.
At the densities needed to float a majority of the young chloroplasts, many non-plastid particles would also float, as indicated by rising catalase activity and lower chlorophyll/N ratios in the top pellets. SUMMARY A method is described for suspending leaf subcellular particulates in a dense medium and separating the particles that float from the ones that are sedimented after high speed centrifugation. Evidence is presented that chloroplasts and chloroplast fragments float to the top in a highly purified state. Some possible uses of this method for chloroplast purification are discussed.
It is found that young, growing chloroplasts do not float under these conditions, and may be more dense than mature plastids.
